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ABSTRACT

Numerous outbreaks of salmoneliosis by Safmonefia Poona have heen associated with the consurmption of cantaloupe.
Commercial washing processes for cantaloupe are Hmited in their ability to inactivate o remove this human pathogen. Our
objective was to develop @ commercial-scale surtace pastautization process to enhance the microbiological safety of cantaloupe.
Populations of indigenous bucteria recovered from cantaloupes thai were spriace pasteurized at 96, 86, or 76°C for 2 10 3 min
were significantly (F <2 0.05) lower than those of the controls, Whole camaloupes, surface inoculated with Safmonelfls Poona
RM 2350 or Escherichin cali ATCC 25912 to a final cell concentration of ca. § log CFU/em? were stored at 4°C or mom
wemperature (RT = 19 = {°C) for up to 72 h before processing. Treatments at 76°C for 2 to 3 min at 24 postinoculation
resulted in g veduction in excess of 3 log CFU/em? of Salmonella Poona and E. coli populations. Cantaloupes that were surface
pasteurized and stored at 4°C for 21 days retained their firmness gualities and had no visible mold growth compared with the
conteols, which became solt and moldy. These results indicate that susface pasteurization will enhance the microbiological
safety of cantaloupes and will extend the shelf life of ihis commodity as well. Storage of untrented inocultated cantaloupes at
RT for 24 to 72 h postinoculation caused a significant (P < (.05} increase in Sulmonella Poona and & coff populations
compared with storage a1 4°C. This indicates that cantaloupes should be refrigerated as soon as possible following harvest to
suppress the growth of any possible contaminant on the rind.

iomal Resegreh

Salmonefia is the most frequently reported cause of
foodborne ilinesses (6), and it results in up to 2,000 deaths
annually in the United States (13}, Although foodborme sal-
moneltosis is often associated with foods of animal origin,
Salmonella has been isolated from & wide variety of fruits
and vegetables (3). Also, Wells and Butterfield 1295 isolated
Salmonella from 18 to 20% of produce samples with decay
collected from the marketplace and From 9 o 0% of
healthy produce samples, and they reported that growth of
spoilage microorganisms in produce tissues enhanced the
growth of Salmonedla. Cantaloupe has been identified as a
vehicle for Suimonella infection implicated in foodborne
sabmoneltosis in the United States and Canada and has re-
sulted in more than 800 cases between 1990 and 2000 (25,
A recent survey conducted by the U.S. Food and Drug Ad-
ministration (FDA) on domestic fresh produce reported an
ncidence of 2.4% positive for Salmoenelia and 0.6% posi-
tive for Shigella in 115 samples of cantaloupe (26} In a
FDA survey of imported fresh produce (24), 5.3 and 2.0%
of 151 cantaloupe samples were positive for Salmonella
and Shigella, respectively. Tn 2001 and 2002, two deuths in
the United States and numerous cases of salmonellosis in
the United States and Canada were associated with the con-
sumption of Mexican cantaloupes contaminated with Saf-
monella Poona (5}, This led to the jssuance of an import

* Author for corespondence. Tel 205-233-6797; Fux: 213-233-6406:
E-mail: bannous@errc.ars.usda.gov.,

¥ Mention of wade names or vommercial products in Whis artiele is solely
for the purpose of providing specific information and does not imply
recommendation or endorsement by the U8, Deparment of Agriculture.

alert on all Mexican cantaloupes by the FDA 25} and the
Canadian Food Inspection Agency (5) until importers couid
certify that Mexican cantaloupes were produced under
proper sanitary conditions,

Canadoupe, normally grows on the ground, can be-
come contaminaied with a human pathogen such as Sal-
monella anytime during production. The presence of path-
ogens ou the rind of the cantaloupe has implications for
safety applicable t fresh-cut fruit markets. This led the
FDA (25) to issue guidelines designed o help keep fruit
fresh and safe for processors and consumers that outline
safe handling processes for fresh produce, including can-
taloupe. Included in the guidelines is a thotough washing
with cold tap water of cantaloupe rind before cutting. Wash-
tng studies of cantaloupe that used different produce sani-
tizing agents were only partially effective in reducing mi-
crobial populations /8, (9, 24, 22). Survival of Salmonella
and other bacteria during washing treatiments could be at-
tributed to their attachment 1o inaccessible sites on the rind,
such as the netting (14, 27); infiltration within the stem scay,
as with apples (/. 2, and incorporation into biofilms, as
with apples (2} and feat surfaces (4, 9). Thus, inadequate
decontamination of cantaloupe can result in survival of the
pathogen and wransfer from the rind to the flesh during
tresh-cut processing. Furthermore, human pathogens have
been shown to survive and grow on fresh-cut cantaloupe
and watermelon during storage (7, /7). Thus, the safety of
fresh-cut cantaloupe in supermarkets and salad bars is a
concern, Research is needed to develop new technologies
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FIGURE 1. Five thermocouples embedded in a cantaloupe at
varying depths (surface to 12.7 mm). The clamp was used o pre-
vent the thermocouple from being pulled out of the cantaloupe
during processing. Inset picture is an enlargement of embedded
thermocouple locations.

capable of inactivating microorganisms in their protective
attachment states on the surface of cantaloupe.

Although thermal treatment or pasteurization is the
most effective method for destroying microorganisms, it is
not usually used in the fresh-cut produce industry (76).
Ukuku et al. (27) indicated that immersion of cantaloupe
in hot water or 5% hydrogen peroxide solution at 70°C for
60 s resulted in up to a 3.8-log reduction in Salmonella
populations. Although thermal treatment of a wide variety
of fruits and vegetables with hot water (2, 10, 12, 15-17,
21) or steam (13, 20) resulted in significant improvement
in microbiological qualities of the produce, it significantly
reduced seed germination (/2) and resulted in thermal in-
jury to apples (/7). Most of these experiments were carried
out under laboratory conditions, and treatment parameters
were not optimized. The objectives of this study were to
develop and optimize a surface pasteurization (hot water)
process with commercial-scale processing equipment and
to determine treatment effects on melon quality and shelf
life under conditions simulating commercial production.
Also, we sought to compare this commercial-scale surface
pasteurization process to that of a laboratory-scale process
used for studies with human pathogens.

MATERIALS AND METHODS

Determination of thermal penetration profile in canta-
loupe during the surface pasteurization process. Five 30-gauge
(1.8 m long) type “T" thermocouples (Omega Engineering, Stam-
ford, Conn.) were embedded into a cantaloupe (Fig. 1) at various
depths (surface level to 12.7 mm) and connected to the data ac-
quisition system, which comprised five Accutech smart transmit-
ters (model AI-1000 R2, Accutech, Hudson, Mass.), one National
Instruments (NI, Austin, Tex.) screw terminal board, one NI DAQ
card model PCI-6024E, NI Lab View software version 6.0, and a
Pentium III computer. Cantaloupes. one at a time, were washed
with agitation in tap water (450 liters) at 96, 86, or 76°C for 8

min in a commercial-scale pasteurization tunnel PT-1030 (Gel-
Ash Stainless Steel Products Ltd., Holon, [srael) and was rapidly
cooled in an ice water bath for 5 min.

Bacterial strains, maintenance, growth conditions, and in-
oculum development. Salmonella Poona RM 2350 (California
Department of Health Services 00A3563), a clinical isolate as-
sociated with cantaloupe outbreak, was obtained from Dr. William
Fett (U.S. Department of Agriculture, Agricultural Research Ser-
vice, Eastern Regional Research Center [USDA-ARS-ERRC],
Wyndmoor, Pa.). Escherichia coli ATCC 25922 was obtained
from American Type Culture Collection (Manassas, Va.). Stock
cultures were stored in tryptic soy broth (TSB; BBL/Difco,
Sparks, Md.) containing 20% glycerol at —80°C. Working stocks
were maintained on tryptic soy agar (TSA:; BBL/Difco) slants
containing 0.6% yeast extract stored at 4°C for 2 to 4 weeks. A
loopful of culture from a TSA slant was transferred into 10 ml of
TSB and allowed to grow for approximately 8 h at 37°C. This
culture was then used to inoculate 2 liters of the same medium at
a 0.01% (vol/vol) level. The culture was allowed to grow to sta-
tionary phase at 37°C, spun down at 6,740 X g for 20 min,
washed once with 400 ml sterile deionized water, and suspended
in 4 liters of sterile deionized water to give a final cell concen-
tration of ca. 9 log CFU/ml. The inoculum was stable in deionized
water for at least 24 h, as seen by the recovery of similar microbial
cell densities at time 0, 4, and 24 h.

Inoculation of cantaloupe. Cantaloupes (Cucumis melo L.;
12.7 by 13.4 cm to 16.0 by 14.4 cm, weighing between 1,134 g
and 1,764 g) free of decay and punctures were obtained from local
suppliers and grocery stores and stored at 4°C for no more than
3 days before use. These cantaloupes were inoculated by a dip
method whereby cantaloupes were submerged (one cantaloupe at
a time) in 4 liters of inoculum for 5 min then drained and allowed
to air dry on absorbent paper for 1 h on each side in a biosafety
cabinet. Cantaloupes were then stored in plastic tubs lined with
absorbent paper at room temperature (RT = 19 = 1°C) or 4°C
for up to 72 h.

Washing and sampling protocols. Unless otherwise indi-
cated, all washing protocols were carried out in tap water with
commercial-scale equipment or a laboratory-scale water bath. The
commercial-scale washing process was carried out in the PT-103
pasteurization tunnel containing 450 liters of water. The labora-
tory-scale washing process was done in an 8-liter covered glass
jar containing 4 liters of water placed in an Innova 3100 water
bath shaker (New Brunswick Scientific Co. Inc., Edison, N.J.)
with shaking at 120 rpm. Triplicate samples. each consisting of a
single cantaloupe, were totally immersed in wash water at a spe-
cific temperature for a specific preset residence time, immediately
sealed in plastic bags, and submerged in an ice water bath for 5
min. Most of the air in the plastic bag was removed before sealing
to ensure proper heat transfer during the cooling process. Whole
rinds of cantaloupes were then analyzed for residual surface mi-
crobial populations. The whole rind (flesh-free) was removed with
a sterile Muro Peel-All Fruit Peeler CP-44 (Muro Corporation,
Tokyo, Japan), placed in a sterile I-liter glass blender jar (Waring
Products, Torrington, Conn.), combined with four equal volumes
(wt/vol) of 0.1% peptone water (PW:; BBL/Difco), and blended at
medium speed for | min with a commercial blender (Waring
blender model SIBL31). The resulting blend was filtered through
a filter bag (Spiral Biotech, Bethesda. Md.). and duplicate 10-ml
volumes were transferred to sterile tubes, Filtrates were diluted in
PW as necessary and surface plated on the appropriate growth
medium.
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Enumeration of bacteria recovered from cantaloupe. TSA
was used for enumeration of total aerobic microorganisms anid as
a recovery medium for injured cells of Sabmanella Poona and £,
coli ou cantaloupe. Enumeration of uninjured E. cofi and Salmo-
nedla Poona populations was done with the use of selective media
MacConkey agar (MAC; BBL/Difco) and xylose lysine tergitol-4
agar (XLT-4; BBL/Difco), respectively. Recovery medium (TSA)
plates were incubated at 37°C for 2 h 1o allow recovery of injured
cells and then overlaid with the appropriate selective medivm, All
plates were incubated for 24 h at 37°C, and resultani colonies were
counted manually (fog CFU per cm? of rind).

Surface area caleulations. Before inoculation, the polar di-
ameter {e, length of the stem to blossom end axis) and the equa-
worial diameter (g, width at its equator) of each cantaloupe were
measured with a 30-om slide caliper {Mantax, Haglot Sweden AB,
Landsele, Sweden). The surface aren of cantaloupe was caloulated
by the appropriate equation described by Weisstein (28) for a pro-
late spheroid (¢ > &), oblate spheroid (¢ <X @), or sphere (¢ = a).

Scanning eleciron microscopy. Cantaloupes were spot in-
oculated with 10 pl inocutum per spot (20 different spots per
cantaloupe) and allowed to air dry for 2 h on an absorbent paper
in a biosafety cabinet. Cantaloupes were then stored in plastic tubs
lined with absorbent paper at RT for up to 72 h. Noninoculated
and moculated rind plugs where removed with a sterile cork borer
(2 om diameter), and the flesh attached {0 each eind plug was
removed with a sterile knife. Rind plugs were fised by a vapor
glutaraldehyde method instead of the immersion method o avoid
washing off dried layers of inoculum on the rind surface. Rind
plugs were incuhated in plastic petri dishes lined with flter papers
saturated with 253% glutaraldehyde and incubated at RT overnight.
Samples for scanning eleciron microscopy (SEM) imaging were
further processed as previously described (26).

Statistical amnalysis. Analysis of variance with individual
contrasts and Bonferroni T tests were used to determine significant
differences (P < (.05} among population means in response {0
ireatments. Unless otherwise indicated, the level of significance
used was £ = 0.05, All statistical analyses and calculations of
means and standurd deviations were performed by SAS/STAT
soflware (SAS Institute Inc.. Cary, N.C..

RESULTS AND DISCUSSION

Temperature penetration profiles. Thermal penetra-
tion curves were determined to evaluate the internal em-
perature of cantaloupe following surface pasteurization
treatment, This information would be usefud in determining
the ideal temperature-time combination for surface pas-
teurization of cantatoupe while maintaining fresh quality of
the flesh. Cantaloupes were surface pasteurized at 96, 86,
and 76°C for up to 8 min and were immediately cooled in
an ice water bath for 5 min. Before surface pasteurization
treatments, cantaloupe was stored overnight at 4°C or RT.
These storage conditions were chosen to simulate packing
bouse or field packing, handling, transport, and storage
practices. Figures 2 and 3 show heat penetration curves of
cantaloupe that had been stored at 4°C and RT. respectively,
before washing at 76, 86, or 96°C. The puasteurization tun-
nel was equipped with two curtains on each end to prevent
heat loss during operation, The initial 60 to 80 5 was the
time it ook the cantaloupe on the conveyor 1o cross the
curtains before entering the water. Once the cantaloupe was
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FIGURE 2. Heat penetration curves of cantaloupe equilibrated to
L°C before submersion in hot water ai different temperatures,

submerged in water, cantaloupe surface and subsurface (5.1
nm} temperatures, but not flesh temperature, increased rap-
idly. This indicated that the rind insulated the flegh from
extreme temperatures. The peel of an orange was reported
to provide such insulation for its flesh {/6). The maximum
sarface temperature of cantaloupe was always 2 to 4°C less
than the water temperature, irespective of the cantaloupe
initial temperature (Figs. 2 and 3), presumably because the
thermocouple was immediately under the rind surtface {Iig.
1). Cantaloupe that was stored at 4°C (Fig. 2) before wash-
ing had internal temperatures (7.6 to 10.2 mm, respectively}
of 10 to 14°C less than cantaloupe stored at RT (Fig, 31
Thus, less heat damage of the flesh would be expected in
cantaloupe that was refrigerated before the surface pastour-
ization treatment. Heat damage was seen in the form of
darkening of the flesh just under the rind of cantaloupe that
was treated at 96°C for 4 min compared with treatment of
{10 3 min {(data not shown). Cantaloupe that was surface
pasteurized and stored at 4°C for 21 days retained its firm-
ness qualities, whereas nontreated cantaloupe became soft.
Also, visible spoilage because of mold growth on the su-
face was seen only on untreated cantaloupes. Thus, this
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FIGURE 3. Hear penetrasion curves of cantaloupes equilibrated
0 RT hefore submersion in hot water ar different iemperaneres,

surface pasteurization process was able to maintain the
firmness quality and increuse the shelf life of cantaloupe.
This increase in shelf life following hot water treatment was
reported previously (152

Commercial-scale surface pasteurization of canta-
loupe. Residual total aerobic microflora on cantaloupes fol-
lowing surface pasteurization with commercial-scale equip-
ment al different temperatures is shown in Table 1. Overall,
surface pasteurization resulted in up to a 2.3-log reduction
in indigenous bacteria. Cell densities recovered from con-
irol samples were significantly higher than those of surface-
pasteurized samples at all temperatures. There was no sig-
pificant difference in recovered cell densities from all sur-
face-pasteurized samples. The inability of the surface. pas-
teurization process to sterilize the surface of cantaloupe is
potentially desirable hecause the remaining indigenous bac-
teria could serve as a defense against postprocess cross-
contamination with human pathogenic microorganisms.

Previous surrogate screening work from this laboratory
18) indicated that £. coli ATCC 25022 and Salmonella Poo-
na RM 2350 (human pathogen) shared similar growth char-
acteristics on various media, attachment fo apples, resis-

TABLE 1. Residual indigenous microbial populations on canta-
loupes following surfoce pasteurization treatments®

Residual microbial population

Treatment® {log CPU/em?)
Control 618 = 0.09
96°C for 2 min 388 £ 0.4
86°C for 2 min 424 + 023
76°C for 2 min 388 = 037
76°C for 3 min 4.00 = 0.26

“ Indigenous microbial populations were determined as total ser-
obic count on TSA agar medium. Data are reported as the means
= standard deviations for three cantaloupes.

b Cantaloupes were stored at 4°C prior to surface pasteurization
uealrnent at the indicated temperature and time.

tance to hydrogen peroxide washes, and resistance to heat.
Therefore, the response of E. c¢oli ATCC 25922 to susface
pasteurization was compared with that of Salmoneliaz Poona
RM 2350 under commercial-scale conditions. Cantaloupes
were inoculated with E. coii and allowed to dry for 24 h
at RT or 4°C and surface pasteurized at different tempera-
tures for 2 to 3 min (Table 2). There was no significant
change between cell densities of E. coli (MAC) and total
aerobic plate count (TSA) recovered from controf samples
and camtaloupes washed at RT for 3 min. This result indi-
cated that the washing treatment with water at RT was not
able to dislodge microorganisms attached to the surface of
cantaloupes, possibly because of the structure of the rind
netting (Fig. 4), which allows microorganisms to attach ©
inaccessible sites on the cantaloupe and thus avoid contact
with the washing water. All surface pasteurization (reat-
ments resulted in significant reductions in £ coli (MAC)
and total aerobic (TSA) cell densitics recovered from whole
rind of cantaloupes (Table 2). Although surface pasteuri-
zation at 76°C for 2 and 3 min did sot result in total in-
activation of £, coli cells on the cantaloupe surface, five of
the six treated cantaloupes showed no growth on MAC fol-
fowing the treatment. Also, the magnitude of population
reductions following surface pasteurization was significant-
ly larger with MAC (selective) medium compared with
TSA (nonselective) medium. Previously, we showed that
surface pasteurization did not result in complete inactiva-
tion of indigenous microflora on cantaloupe (Table 1)
Therefore, microbial cell densities recovered on TSA me-
dium (Table 2) would include the indigenous microorgan-
isms and injured £. coli cells. This led us to test for injured
cells with recovery medium following surface pasteuriza-
tion treatment. Recovery of possibly injured E. coli cells
on nomselective medium following surface pasteurization at
76°C for 2 and 3 min is shown in Table 3. There was a
significant reduction in cell populations following surface
pasteurization compared with the control. Treatments for 3
min were significantly more effective in reducing E coli
populations on camtaloupes compared with 2-min treat-
ments. There was no significant differsnce between enu-
meration of £, coli populations on selective (MAC) and on
recovery (TSA with MAC overlay) media. This indicated
that virtually all cells were inactivated rather than injured.
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TABLE 2. Residual populations of E. coli? and total aerobic counts® on cantaloupes (inoculated with E. coli ATCC 25922) following
surface pasteurization treatments®

Residual population (CFU/cm?)

4°C Room temperature
Treatmentd MAC TSA MAC TSA
2-h control 4.18 = 0.37 4) 5.57 £ 0.61 (3) 443 = 021 (2) 581 = 0.21 (2)
24-h control 396 £ 059 4) 5.99 = 0.39 (4) 533 039 (2) 640 = 0.36 (2)
96°C for 2 min NG (2) 3.19 £ 0.13 (1) NG (1) 3.59 = 0.49 (1)
86°C for 2 min NG (1) 345 £ 0.64 (1) NG () 4,03 = 044 (1)
76°C for 2 min 0.55 = 0.64¢ (2) 4,04 = 048 (2) 0.62 = 1.16° (2) 425 £ 034 (2)
76°C for 3 min 0.18 = 0.18¢ (2) 449 = 0.65 (2) NG (2) 4.30 = 0.38 (2)
Room temperature wash for 3 min 447 = 0.65 (1) 592 £ 0.29 (1) 543 £ 0.07 (1) 6.65 = 0.72 (1)

@ E. coli populations were enumerated on MAC agar medium.

b Total aerobic populations were enumerated on TSA agar medium.

¢Data are reported as the means * standard deviations for all independent runs. Numbers in parentheses indicate the number of
independent runs. Each run consisted of three cantaloupes. NG, no growth was detected under the experimental conditions used.

 Cantaloupes were dip inoculated with E. coli for 5 min, allowed to air dry in a biosafety cabinet for 2 h, and stored at either room
temperature or 4°C for 24 h prior to the washing treatment at the indicated temperature and time.

¢ Although five of six cantaloupes tested showed no growth, 0.1 log CFU/cm? rind (minimum detection level) was used in place of no

growth to determine the mean and standard deviation.

The data presented here showed that surface pasteurization
of cantaloupes at 76°C for 2 to 3 min is a potential process
for enhancing microbial safety of cantaloupes, as well as
increasing the shelf life of this commodity (see ‘“Temper-
ature Penetration Profiles”).

The construction of a pathogen research facility at
ERRC allowed us to evaluate the commercial-scale surface
pasteurization process of cantaloupes inoculated with the
human pathogen Salmonella Poona RM 2350. This facility
consisted of a containment area that housed the commer-
cial-scale equipment and thus eliminated risk of contami-
nation of the laboratory environment. Also, this gave us the
opportunity to compare the responses of E. coli and Sal-

FIGURE 4. SEM (X25) of a rind of can-
taloupe showing an extensive, deeply fis-
sured region of the surface (netting). Inset
picture is an enlargement of a section of
the netting tissues (X250) showing exten-
sive compartmentation of the tissues.

monella Poona with surface pasteurization treatment by the
commercial-scale equipment. Cantaloupes inoculated with
Salmonella Poona and allowed to dry for 24 h at RT or
4°C were surface pasteurized at 76°C for 3 min (Table 4).
There was no significant difference between the controls
and the washing treatment at RT for 3 min. This indicated
that the washing treatment with water at RT was not able
to dislodge or remove Salmonella Poona cells attached to
the surface of the cantaloupe. The same effect was previ-
ously seen with cantaloupes inoculated with E. coli (Tables
2 and 3). Resistance to washing with water could be due
to the netlike structure of the rind (Fig. 4) and the attach-
ment of Salmonella Poona cells to inaccessible sites on the
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TABLE 3. Comparison of selective® and recovery’ media for enumeration of B. coli populations® on inoculated cantaloupes following

commercial-scale suiface posteurization

£, coli population (log CFU/cmé)

Room temperature

TSA with MAC

TSA with MAC

Treatment MAC overlay MAC overlay
2-h control 3407 = 0.06 517 £ Q.07 507 £ 0.06 317 = 007
24-h control 4.84 = 0.06 497 + 003 514 = 036 539 & 035
76°C for 2 min (.27 = 0.24¢ 35 = 0,35 010 1 0.00¢ 629 £ 027
T8°C for 3 min NG NG NG NG

*E. coli populations were selectively isolated on MAC agar mediurn.

b F. coli were plated on TSA, plates were incubated for 2 h to aliow for recovery of injured cells, then plates were overlald with MAC

and incubated for 24 h.

© Data are reported as the means = slandard deviations for three cantaloupes. NG. no srowth was detected under the ex erimental
p 8 !

conditions used,

4 Cantaloupes were dip inoculated with £, coli for 5 min, alfowed 1o air drv in a biosafeiy cabinet for 2 h. and stored at either room
temperature or 4°C for 24 h prior to the washing treatment at 76.1°C for sither 2 or 3 min,
¢ Although two of three cantaloupes tested showed no growth, (.1 log CFU/em? #ind {minimum detection level) was used in place of

a0 growth to determine the mean and standurd deviation.

rind of the cantaloupe (Figs. 5 and 0}, thus avoiding contact
with the washing water Also, Salmonella Poona -cells
seemed tn inifiate biofilm formation by attachment to the
rind of cantaloupe, with fimbriac, following inoculation and
drving for 2 h at RT (Fig. 5). Once attached to the rind of
the cantaloupe, Salmonefla Poona cells developed biofilm
by growth and excretion of exopelysaccharides following
drying for 72 h at RT (Tig. 6). Freviously, Annous and
Burke (/) reported thut inaccessibility and biofilm forma-
fion were the main factors in failure of the washing treat-
ments o remove of nactivate human pathogens on apples.

Surface pasteurization of cantaloupe at 76°C for 3 min
resulted in significantly lower Salmonelia Poona cell den-
sities compared with controls (Table 4). Although the data
indicated that this process did not result in complete inac-
tivation of Salmonella Poona cells on the cantaloupe sur-
face, two of the three samples tested showed no growth on

selective and recovery media. There was no significant dif-
ference between recoveries of Salmonells Poona cells on
selective and recovery media, indicating that injury was not
a factor during surface pasteurization treatments. Thesc re-
suits, along with those presented previously for £. coli (Ta-
bles 2 and 3} indicated that both micreorganisms on the
surface of cantaloupe were thermally inactivated by this
commercial-scale surface pasteurization process. Therefore,
along with extending the sheif life of fresh cantaloupe, sur-
face pasteurization of cantaloupe can decrease the risk of
foodbome ilinesses.

Storage for 24 h at RT and 4°C resulted in significantly
higher and lower Safmonella Poona ceil densities, respec-
tively, compared with the 2-h control (Table 4), suggesting
that refrigeration might result in a population reduction of
this pathogen. This led to a study of the effect of RT and
refrigerated storage for up to 72 h on survival of Sadmonelie

TABLE 4. Comparison of selective” and recovery® media for enwmeration of Saimonella Poona RM 2350 populationss on noculated

canialoupes folfowing commercial-seale surface pasteurization

Sutmoneliy Poona population (log CFU/cm?)

4°C

Room tem peraiure

TSA with XUT+4

TSA with XLT-4

Tregtment’ XLT4 overlay XLT-4 averlay
2-h control 3.66 = 043 5.26 £ 040 366 T 043 5.26 = 040
24 h control 331 £ 016 500 £ 0.32 §.54 + 0.09 6.00 = 0.08
T6°C for 3 min 0.10 = 0.00¢ 010 = 0.00¢ .16 £ 0.08¢ 0.26 £ 0.22¢
Room temperature wash for 3 min 423 £ 032 491 = 0,18 308 £ (.20 543 =019

“ Salmonelia Poona populations were selectively isolated on X1To4 agar mediur,

¥ Salmonella Poona cells were plated on TSA, plales were incubated for 2 h to allow for recovery of injured cells, then plaies were
overlaid with XLT-4 and incubated for 24 h,

“ Data are reported as the means = standard deviations for three cantaloupes.

¢ Cantaloupes were dip inoculated with Safmeneils Poona for 5 min, allowed to air dry in a biosafety cabinet for 2 h, and stored at
either room temperature or 4°C for 24 h prior to the washing treatment at 76°C for cither 2 or 3 ma.

# Although two of thres cantaloupes tosted showed no growth, 0.1 log CFU/em? rind (minimum detection leveld was used in place of
ne growth to determine the mean and standard deviation,
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FIGURE 5. SEM ( X2,500) of a rind show-
ing attachment and initiation of biofilm
formation by Salmonella Poona cells in-
side the netting of inoculated cantaloupe.
Cantaloupes were spot inoculated, allowed
to dry for 2 h, dissected, and treated for
SEM imaging.

Poona cells on cantaloupe (Table 5). Salmonella Poona cell
density on the surface of inoculated cantaloupes following
storage at RT for up to 72 h was significantly higher than
those stored for 2 h. Inoculated cantaloupes that were stored
at RT had significantly higher cell densities than canta-
loupes stored at 4°C, which showed up to 1 log reduction.
Similar results were reported for E. coli O157:H7 inocu-
lated on the rind of cantaloupe (7). Growth of E. coli O157:
H7 on the rind of a cantaloupe stored at 25°C was supported
by nutrients originating from growth medium and peptone
(7). Because the culture we used to inoculate cantaloupe
was suspended in water, organics that might support growth

FIGURE 6. SEM (X2,500) of a rind show-
ing attachment and biofilm formation by
Salmonella Poona cells inside the netting
of inoculated cantaloupe. Cantaloupe was
spot inoculated, allowed to dry for 72 h,
dissected, and treated for SEM imaging.

from the growth medium were not transferred to the surface
of the cantaloupe. This suggested that the surface of the
cantaloupe was able to support the growth of Salmonella
Poona at RT. These results are similar to those seen pre-
viously (Table 4) and further indicate that refrigeration of
cantaloupe can suppress the growth of Salmonella Poona.
These observations are similar to those reported for E. coli
OI157:H7 inoculated on the rind of cantaloupe and water-
melon (7). Cantaloupe should be refrigerated as soon as
possible following harvest and during transportation, if pos-
sible, to maintain quality and delay spoilage. Here, we
showed that refrigeration of cantaloupe could be used to
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TABLE 5. Effect of storage teraperature on the survival of Sal-
monella Poona RM 2350 cells on inoculated cantaloupes® -

RT storage
(log CFU/em?)

4°C siovage

Dry time () {log CFUfem®)

426 = (.85

2 4.26 *+ 085

24 672 * 0.60 3.40 010
48 60.95 £ (.24 308 £ 002
72 T2+ 0 3537 + 039

“ Cantaloupes were dip inoculated and atlowed to dry at room
wernperature or 4°C for up to 72 b Data are reported as the neans
+ standard deviations for three cantaloupes. XLT-4 medium was
used to enumerate Salmonelle Poona cell densities. Whole rind
was removed with an automatic fruit peeler and was used in
enumerating Safmonella Poona cell densities.

decrease the microbial safety risk associated with this com-
modity.

E. coli cell densities on cantaloupes stored at RT or
4°C for 24 h showed little change compared with the 2-h
conirols {Tables 2 and 3), suggesting that E. coli cells might
be more stable than Salmenelic Poona cells under the ex-
perimental conditions of this study,

Laboratory-scale surface pasteurization of canta-
loupe. Microbial food safety research that uses human path-
ogens is usuallv conducted under laboratory conditions,
This research was conducted to compare the efficacy of
surface pasteurization of cantaloupe with laboratory-scale
equipment fo that of commercial-scale equipment, Labo-
ratory-scale washing treatments are usualy conducted with
the use of small volumes of water or sanitizer solution. This
creates a problem in controlling the wash treatment tem-
peratures that was not seen in commercial washing because
of the much greater commodity mass/solution volume ratio
used. If the commodity is cool or cold, it will bring about
a reduction in the treatment temperature through heat trans-
fer from the water. The efficacy of laboratory-scale surface

pasteurization of cantaloupes inoculated with £ coli and
Salmonella Poona is shown in Tables 6 and 7, respectively.
Storage of inoculated cantaloupes at RT for 24 h resulted
in a significant ncrease m cell densities of contaminants
compared with the 2-h controls (Tables 6 and 7). Washing
treatments at KT for 3 and 6 min did not result in significant
reductions in contaminaut populations compared with the
Z24-h controls (Tables 6 and 7). This wus previously seen
with the commercial-scale process (Tables 2 and 4) and
could be a result of attachment and biofilm formation by
these contaminants to inaccessible sites vn the surface of
the cantaloupe (see “Commercial-Scale Surface Pasteuri-
zation of Cantaloupe”).

Laboratory-scale surface pasteurization resuited in sig-
nificant decreases in £. coli and Salmonella Poona cell den-
sities compared with the conirols (Tables 6 and 7)., but net
as great as (etermined with the commercial-scale equip-
ment. Treatment for 6 min resulted in significant log re-
ductions compared with 3-min treatments (Tables 6 and 7).
The increase in treatment time {0 § min was necessary {0
improve reduction of the contaminants on cantaloupe, This
increase in treatment time was required 10 compensate for
the drop in wash water temperawre following addition of
a canialoupe to the wash tank. The addition of one canta-
loupe with an average weight of 1.500 g to the wash tank
containing 4 liters of water resulted in a rapid temperature
drop of up to 5°C. Unlike the commercial-scale equipment,
the laboralory-scale equipment is limited by the mass/veol-
ume ratio used and thus might result in an underestimation
of the process.

Washing cantaloupe at ambient temperature is ineffec-
tive in removing microbial contaminants. Salmonella Poona
cells are able to attach and form biofilms inside the netting
of the rind and thus become inaccessible o the washing
sahition. The work presented here showed that surface pas-
teurization of cantaloupe s able to thermally inactivate this
human pathogen while maintaining the firmness of the mel-

TABLE 6. Efficacy of laboratory-scale surface pastenrization (76°C) in decontuminating cantaloupes inoculated with . coli ATCC

259224

Residual population of E, coli ATCC 23922
{log CFUlem?)y*

TSA with MAC

Treatmentt MAC overlay
2-h controd 5.28 £ 0.38 563 + 034
24<h control 6.24 T (.38 6,70 + 0.34
76°C for 3 min 0.83 &£ 1.044 081 * 1014
76°C for 6 min NG 0.51 = 0.644
Room temperature wash for 3 min 6,34 4 (.23 6,69 = (.48
Room temperalure wash for 6 min 6.10 = 0.20 629 £ 0.26

@ £, coli populations were enumerated on selective medium (MAC) and recovery medium (TSA with MAC ovetlay).
» Data are reported as the means = standard deviations of two independent runs, Each run consisied of three cantafoupes. NG, no growth

was delecied undar the experimental conditions used.

¢ Cantatoupes were dip inoculated with E. coff for 5 min, allowed to air dry in « hiosafety cabinet for 2 h, and stored at room temperature
for 24 h prior 1o the washing treatment at 76°C for either 3 or 6 min.
¢ Although four of six cantaloupes tested showed no growth, 0.1 log CFU/em? rind {minimum detection level) was used in place of no

growth o determine the mean and standard deviation,
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TABLE 7. Efficacy of laboratorv-scale surface pastearization (76°C} in decontaminating cantaloupes inncalated with Satmenella Poona
&M 2350

Residual popufation of Sufmoneile Poona RM 2350
(fog CFfem®y®

TSA with X114
Treatment© overlay

5462 = 037
634 = 018
E7L =[RS
046 Q500
6.04 = 014
5 T (1.56

2-h control
24-h control
F6°C for 3 min
76°C for 6 nun
Room temperature wash for 3 min
Room temperature wash for 6 min 361 1 047

“ Poona populations were enumerated on selective medinm (XLT-4) and recovery medium (TSA with XUR4 overlay),

" Data are reported as the means * standard deviations of two independent runs. Each run consisted of three cantaloupes.

" Cantaloupes were dip inocalated with Safmonefla Poona for 3 min, allowed (o air dry in 2 biosafety cabinet for 2 h, and stored at
room temperature for 24 b prior to the washing treatment 4t 76°C for either 3 ar 6 min.

“Although two of six cantaloupes tesied showed 1o growth. 0.1 log CFU/em?® dnd (minimum detection level) way used in place of no
growth (o determine the mean and siandard deviation,

¢ This treatment consisted of one run of three cantaloupes. Although two of three cantaloupes ested showed no growth, 8.1 log CRUY
em? rind (nainimam detection level) was used in place of no growth 1o determine the mean and standard deviation,

on. The process also helped increase the shelf life of can- tons—United States aud Canada, 1991, Morb, Mertal, Wikv. Rep,

taloupe by reducing the spoilage microorganism popula- (391549532,
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na. Therefore, cantaloupe should be refrigerated as soon as 0 select an approprisie non-pathogenic Escherickin coli strain for
possible following harvest o suppress the growth of mi- use o place of Escherichia coli O157:H7 and Sabwonelly in 2 pilet
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